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FOREWORD

THE REGIONAL AQUIFER-SYSTEM ANALYSIS PROGRAM

The Regional Aquifer-System Analysis (RASA) Program was started in
1978 following a congressional mandate to develop quantitative appraisals of
the major ground-water systems of the United States. The RASA Program
represents a systematic effort to study a number of the Nation’s most
important aquifer systems, which in aggregate underlie much of the country
and which represent an important component of the Nation’s total water
supply. In general, the boundaries of these studies are identified by the
hydrologic extent of each system and accordingly transcend the political
subdivisions to which investigations have often arbitrarily been limited in the
past. The broad objective for each study is to assemble geologic, hydrologic,
and geochemical information, to analyze and develop an understanding of the
system, and to develop predictive capabilities that will contribute to the
effective management of the system. The use of computer simulation is an
important element of the RASA studies, both to develop an understanding of
the natural, undisturbed hydrologic system and the changes brought about in
it by human activities, and to provide a means of predicting the regional
effects of future pumping or other stresses.

The final interpretive results of the RASA Program are presented in a series
of U.S. Geological Survey Professional Papers that describe the geology,
hydrology, and geochemistry of each regional aquifer system. Each study
within the RASA Program is assigned a single Professional Paper number,
and where the volume of interpretive material warrants, separate topical
chapters that consider the principal elements of the investigation may be
published. The series of RASA interpretive reports begins with Professional
Paper 1400 and thereafter will continue in numerical sequence as the interpre-
tive products of subsequent studies become available.

Dallas L. Peck
Director






PREFACE

The Regional Aquifer-System Analysis of the High Plains was conducted
by U.S. Geological Survey personnel in each of the eight States in the High
Plains—Colorado, Kansas, Nebraska, New Mexico, Oklahoma, South Dakota,
Texas, and Wyoming. To provide assistance, technical support, and additional
information, contracts were awarded to the Kansas Geological Survey, New
Mezxico Natural Resources Department, Oklahoma Water Resources Board,
and Texas Department of Water Resources. In addition, valuable information
was provided by many other State and local agencies throughout the High
Plains. Their contributions are an integral part of this investigation without
which this report would not have been possible.

The U.S. Geological Survey coordinated its investigation of the High Plains
aquifer with a concurrent study by the Economic Development Administra-
tion of the Department of Commerce. The Six-State High Plains—QOgallala
Aquifer Area study conducted by the Ecomomic Development Administration
was authorized by Congress in 1976. The study was charged with the respon-
sibility of examining the feasibility of increasing water supplies to insure the
economic growth and vitality of the High Plains. The results of that study are
used extensively in this report. Together, these two studies provide a com-
prehensive evaluation of the High Plains aquifer and the potential impacts of
declining ground-water supplies on the region. The Economic Development Ad-
ministration study developed and proposed alternative strategies to alleviate
or mitigate those adverse effects and the U.S. Geological Survey has provided
hydrologic data and models needed to evaluate the effects of those strategies
on the ground-water resource.




CONVERSION FACTORS

The following report uses inch-pound units as the primary system of
measurements. The units commonly are abbreviated using the notations shown
below in parentheses. Inch-pound units can be converted to metric units by
multiplying by the factors given in the following list.

Inch-pound unit Multiply by To obtain metric unit

inch (in.) 2.540x10! millimeter
foot (ft) 3.048% 107! meter
mile (mi) 1.609 kilometer
acre 4.047x107! hectare
square mile (mi?) 2.590 square kilometer
acre-foot (acre-ft) 1.233x1073 cubic hectometer
acre-foot per year 1.233%1078 cubic hectometer per year

(acre-ft/yr)
cubic foot per second (ft%/s) 2.832x10-2 cubic meter per second
gallon per minute (gal/min) 6.308X1072 liter per second
inch per year (in./yr) 2.540X107! millimeter per year

foot per day (ft/d) 3.048x107! meter per day
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EFFECTS OF FUTURE GROUND-WATER PUMPAGE ON THE HIGH PLAINS AQUIFER

1, and 138 million acre-ft for management strategy 2.
Projected water-level declines from 1980 to 2020 result-
ing from baseline-strategy pumpage would exceed 200
ft in about 150 mi? (less than 1 percent of the area) and
25 ft in about one-third of the area. About 138 million
acre-ft of water are projected to be removed from storage
as a result of 40 years of baseline-strategy pumpage; the
average saturated thickness will be about 100 ft by 2020.
About 550 million acre-ft of drainable water would re-
main in storage in 2020 assuming baseline-strategy
pumpage. Probable well yields in the central High Plains
would decrease by more than 25 percent from 1980 to
2020 in 47 percent of the area, but would be more than
750 gal/min in 32 percent of the area.

Total management-strategy-1 pumpage in the central
High Plains would be 13 percent greater than total
baseline-strategy pumpage. Consequently, water-level
declines would be greater assuming management
strategy 1.

Projected water-level declines from 1980 to 2020
resulting from management-strategy-2 pumpage would
be everywhere less than those resulting from manage-
ment-strategy-1 pumpage. There are areas in Kansas
where water-level declines projected for management
strategy 2 exceed those projected for the baseline
strategy due to an increase in irrigated acreage. For
management strategy 2, water-level declines of more
than 100 ft from 1980 to 2020 are projected in about
1,700 mi? (4 percent of the area).

In the northern High Plains, simulated pumpage from
1980 to 2020 would be 357 million acre-ft for the baseline
strategy, 360 million acre-ft for management strategy
1, and 271 million acre-ft for management strategy 2.
Projected water-level declines from 1980 to 2020 for the
baseline strategy would exceed 200 ft in a few isolated
areas and exceed 100 ft throughout more than 9,700
mi? (10 percent of the area). The average water-level
decline from 1980 to 2020 for the baseline strategy
would be 36 ft, and the average saturated thickness by
2020 would be 217 ft. About 1,810 million acre-ft of
drainable water would remain in storage in 2020 assum-
ing baseline-strategy pumpage. Probable well yields are
projected to decline by more than 75 percent from 1980
to 2020 in parts of the northern High Plains. However,
probable well yields of more than 750 gal/min by 2020
are projected for 58 percent of the area.

Management-strategy-l pumpage in the northern
High Plains would be nearly identical to baseline-
strategy pumpage. Consequently, the water-level
declines from 1980 to 2020 as a result of management-
strategy-1 pumpage would be almost identical to those
projected for the baseline.

For management strategy 2, water-level declines of
more than 100 ft from 1980 to 2020 would occur in about
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5,400 mi? (6 percent of the area). The average water-
level decline from 1980 to 2020 as a result of manage-
ment-strategy-2 pumpage would be 8 ft less than that
for the baseline strategy. Water-level declines for
management strategy 2 would be at least 10 ft less than
those for the baseline strategy in more than one-fourth
of the northern High Plains and at least 50 ft less in
about 750 mi? (less than 1 percent of the area). For all
strategies, more than 800 ft of saturated thickness are
projected to remain in the central part of Nebraska by
2020.

Streamflow capture is important in the northern High
Plains aquifer. For all three strategies, the base flow of
the South Loup River and parts of the Elkhorn and
Republican Rivers were projected to be depleted after
1990. For the baseline strategy, projected streamflow
capture would be about 60 million acre-ft from 1980 to
2020. By 2020, the baseline-strategy projected rate of
streamflow capture would be 2,750 ft3/s. For manage-
ment strategy 2, projected streamflow capture would be
about 36 million acre-ft from 1980 to 2020. Most of the
streamflow capture would be caused by wells within 10
mi of the streams.

From 1980 to 2020 for all three strategies, pumpage
will decrease in the southern and central High Plains,
but will increase in the northern High Plains. Water
levels will continue to decline during the 40 years as a
result of the pumpage. Water-level declines resulting
from baseline-strategy pumpage will exceed 200 ft in a
few small areas of the High Plains, and water-level
declines will exceed 100 ft in more than 15,500 miZ
More than one-half of the 174,000-mi? High Plains area
will have water-level declines of more than 10 ft from
1980 to 2020.

Declining water levels will decrease the rate at which
water can be pumped. Probable well yields by 2020 are
projected to exceed 750 gal/min in small areas of the
southern High Plains, large parts of the central High
Plains, and most of the northern High Plains. Probable
well yields by 2020 are projected to be less than 250
gal/min in most of the southern High Plains, in about
one-half of the central High Plains, and in small parts
of the northern High Plains.
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